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Unstructured Data Deluge in Peer Review Publications
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Semantic analysis: unsupervised generic extraction

-} “At ambient temperatures, tungsten is not attacked by hydrochloric, sulfuric
nitric, and hydrofluoric acids at any concentration, or by aqua reqgia”

| Entity |@)] Link [€] Entity |

REL GENERIC TRIPLETS

tungsten // to_be__not__attack ambient__temperature // hydrochloric__acid
tungsten // to_be___not__attack ambient__temperature // sulfuric__acid
tungsten // to_be___not__attack ambient__temperature // nitric__acid
tungsten // to_be___not__attack ambient__temperature // hydrofluoric _acid
tungsten // to_be___not__attack ambient__temperature // aqua_regia

ADDITIONAL TRIPLETS

hydrochloric // HasType // chemical _substance, chemical _compound
nitric // HasType // chemical_substance, chemical compound
hydrofluoric // HasType // chemical _substance, chemical compound



Domain Knowledge Graph

Workflow Editor

O bre“d@‘wgﬁ%l%‘%ceﬂssue

brenda-KmValue-Table
O brenda-TemperatureOptimum-Table
brenda-Base

O brenda-PHRange-Table

O brenda-TurnoverNumber-Table
O brend@mtams
brenda-products
O genbank-Locus O Organism O brenda-KcatKmValue-Table P

O genbank-Base

o =
OF“"E"‘ o @y S EC-Number

O cazy-Famdilyazy-EnzymeClass O uniprotsBase
uniprot-Sequence
Q Accession

Node Collections

IBM Erlenmeyer

© brenda-ReactionType

o handbook-BoilingTemperature
© handbook-BoilingPressure

O PubChemId

UniprotId

pubchem-Base O handbook-BoilingPoint

@) carvotiyeratename @ cremicatrormuia
MolecularWeight
handbook-Cyclic-Carbohydi

O ChemicalName O handbook-Derivate-Carbohydrates

O handbook-Base-Carbohydrates
handbook-Me
O handbook-MeltingPoint

O uniprot-KmValue-Table
kegg-compoumskum ber
O PubChemSubId

O uniprot-KmValue

Taxonomy

O PFamAccession

@ pfam-Type

O kegg-@nn,id

kegg-compound_id
O kegg-reactions-Base
O Pfam"‘l@)ﬂﬂh-a-ﬁase

O pfam-Ald O pfam-clans-Base kegg-reactants
o pfam—CLansAcce kegg-products

m pfam-ClansDescription

KnowledgeGraph Categories

This KnowledgeGraph contains a total of 6,484,090
nodes.

Accession contains 775,219 nodes (11.96 %)
CAS-Number contains 25,170 nodes (0.39 %)

CarboHydrateName contains 4,464 nodes (0.07
%)

ChemicalFormula contains 5,927 nodes (0.09 %)
ChemicalName contains 33,752 nodes (0.52 %)
EC-Number contains 7,659 nodes (0.12 %)
MolecularWeight contains 4, 949 nodes (0.08 %)
Organism contains 28,159 nodes (0.43 %)
PFamAccession contains 17,929 nodes (0.28 %)

ProteinName contains 1,069,578 nodes (16.50
%)

PubChemld contains 8,255 nodes (0.13 %)
PubChemSublId contains 18,308 nodes (0.28 %)
Taxonomy contains 9,517 nodes (0.15 %)
Uniprotld contains 1,472,701 nodes (22.71 %)
brenda-Base contains 7,218 nodes (0.11 %)

brenda-KcatKmValue-Table contains 32,370
nodes (0.50 %)

brenda-KmValue-Table contains 137,328
nodes (2.12 %)

brenda-PHRange-Table contains 10,705 nodes
(0.17 %)

brenda-ReactionType contains 397 nodes (0.01




. . Battery 500 Approximately 2 months
A real case: base-line t5 Complete theanalysie

Organic liquid electrolyte
chemical stability issue

of the possible
degradation pathways.

~ 5 Mio CPU-hours
(BGQ) to generate
reactive profiles (NEB) +
100 man-hours for
analysis and simulation
assistance

The Propylene Carbonate (PC) may degrade
in different possible ways.

In 2015, we addressed this problem by
doing extensive and CPU-intensive DFT
calculations.

An example of an NEB outcome
From reactants to products (PC degraded by peroxide)

Hydrogen abstraction

Nucleophilic substitution
Nucleophilic addition

Hydrogen abstraction
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A real case: Data and Al

Encoder Decoder

- analytic - generative

SMILES to SMILES
prediction

using sequence-2-
sequence models

>| | >j | target/output

Forward Chemical reaction prediction

reactants reagents & conditions products

Predictions in short (how a Se2Seq works)

Br
Brclcncc(Br)cl.C[O-] A TA2 COclcncc(Br)cl

SMILES to SMILES

. [€Jo-1> A1 A2

reactants

Freely available for everyone:
http://www.research.ibm.com/ai4chemistry

product

Schwaller et. al. Chem. Sci., 2018, 9, 6091-6098

Performance
Released on August 19t at ACS

. S2S WLDN ELECTRO GTPN WLDNS work
Boston. In 10 months (Jun. 2019): i1 Esl Gl Bl
° 6300 users _ separated  80.3 79.6
« 48000 chemical reactions
predictions




A real case: Al benefits

IBMRXN Projects

test 2_20190719_10:26:31.547 Add to my molecules list Add Reaction to Collection

Attention Weight

HO —OH ——>
046\ +
o

STRING

CC1C0C(=0)01.00>>CC(0)COC(=0)0

idence: 0.15  Warning Notification: The confidence is low

test 2_20190719_10:27:27.913 Add to my molecules list Add Reaction to Collection

Help us improve! Send us your feedback.

What do you think about this result?

D — v@f{;

STRING

CC1C0C(=0)01.00>>CC(CO)OC(=0)00

< 6 seconds prediction time for
possible degradation products

Correct prediction order (Substitution
more favorable than Addition)

Screening 30 different electrolytes
using DFT took approximately 6
months (or 15 Mio seconds). Using
the AI model (RXN) for an initial
screening this would have taken 300
seconds. Accelerated by 50,000.



Thank you.

Questions ?




